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(57) This invention provides a method for construct- 
ing bridge including fine wires or point contacts produc- 
ing a quanitized inter-electrode conductance, and pro- 
vides a method for easily controlling the conductance of 
this bridge. Further, it aims to provide an electronic ele- 
ment using conductance control due to the bridge, fine 
wire or point contact formed between the electrodes. 

This invention is an electronic element comprising 
a first electrode comprising a mixed electroconducting 
material having ion conductance and electron conduct- 
ance, and a second electrode comprising an electrocon- 
ducting substance, wherein the inter-electric conduct- 
ance can be controlled. This mixed electroconducting 
material is preferably AggS, Ag 2 Se, Cu 2 S or Cu 2 Se. 

This invention is an electronic element formed by a 
bridge between electrodes, by applying a voltage be- 
tween the electrodes so that the second electrode is 
negative with respect to the first electrode and movable 
ions migrate from the first electrode to the second elec- 
trode. 

Further, this invention is a method of controlling in- 
ter-electrode conductance comprising at least one of 
applying a voltage between the electrodes of the above 
electronic element so that the second electrode is neg- 
ative with respect to the first electrode so that a bridge 
is formed between the electrodes due to the migration 
of movable ions from the first electrode to the second 



electrode, and reversing the inter-electrode polarity so 
that the bridge is thinned or disconnected. 

In particular, this invention is characterized in that 
the conductance between the electrodes is quantized. 



Fig. 2 
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Description 

Field of the Invention 

[0001 ] This invention relates to an electronic element 
in which a bridge, thin wire and/or point contact can be 
formed, thinned or disconnected between facing elec- 
trodes, and to a method of controlling conductance us- 
ing this electronic element 

Prior Art 

[0002] There are various reports in the literature re- 
garding control of conductance by constructing bridges, 
thin wires and point contacts (J. K. Gimzewski and R. 
Moller: Phys.Rev. B36 (1987) 1284, J.L Costa-Kramer, 
N. Garcia, P. Garcia-Mochales, P. A. Serena, M.I. 
Marques and A. Corrcia: Phys.Rev.B55 (1 997) 541 6, H. 
Ohnishi, Y. Kondoand K.Takayanagi: Nature 395 (1998) 
780). As shown in Fig. 1 , a bridge, a thin wire or a point 
contact is formed between a metal needle (gold, silver, 
copper, tungsten, etc.) to which a piezo-electric element 
is attached, and a facing substrate (gold, silver, copper, 
etc.). First, a voltage is applied to the piezo-electric el- 
ement so that the piezo-electric element is extended 
and the metal needle is brought in contact with a facing 
substrate. Next, by gradually decreasing the voltage ap- 
plied to the piezo-electric element, the piezo-electric el- 
ement recedes, and the contact between the metal nee- 
dle and facing substrate is gradually broken. In this sep- 
aration process, a bridge (including a thin wire or a point 
contact) comprising metal atoms (gold, silver, etc.) is 
formed between the metal needle and facing substrate. 
[0003] However, in order to construct an electronic el- 
ement using this technique, a piezo-electric element 
which can move an electrode (i.e., metal needle) is re- 
-quired, but it is difficult to incorporate such an electric 
element into a circuit to make the electrode move. Fur- 
ther, as another electrode is required to drive the piezo- 
electric element, the method is unsuitable for inclusion 
In a high density integrated circuit. Moreover, to con- 
struct a bridge containing a thin wire or point contact 
producing a quantized conductance, the movement of 
the piezo-electric element must be intricately and pre- 
cisely controlled. Thus, it is difficult to manufacture an 
electronic element with such a function in practice. 

Problems which this Invention Attempts to Solve 

[0004] It is therefore an object of this invention to pro- 
vide a technique of constructing a bridge comprising a 
thin wire or point contact producing a quantized inter- 
electrode conductance, and to provide a technique of 
easily controlling the conductance of a bridge. It is an- 
other object of this invention to provide an electronic el- 
ement using conductance control by a bridge, thin wire 
or point contact formed between electrodes. 



Means for Solving the Above Problems 

[0005] To solve the above problems, according to this 
invention: 

5 

(1) One electrode of the electronic element uses a 
mixed electroconducting material which combines 
ion conductivity and electron conductivity. 

(2) When this electronic element is used, a voltage 
10 and current are applied between the mixed electro- 
conductor electrode and the electrode facing it. This 
causes movable ions to migrate within the mixed 
electroconducting material, and form a projection 
comprising these ions (atoms) ranging from an 

15 atomic size to nanometer size on the electrode. This 
is then grown further so that it comes in contact with 
the facing electrode, and forms a bridge comprising 
these ions (atoms) between the electrodes. After 
the bridge is formed, the polarity of the applied volt- 

20 age is reversed, causing the ions (atoms) forming 
the bridge to return to the original mixed electrocon- 
ductor electrode, thereby thinning or disconnecting 
the bridge. These two steps are repeated as re- 
quired according to the purpose. 

25 (3) In the above (2), the bridge comprising a thin 
wire or point contact which produces quantization 
of the conductance is constructed by controlling the 
voltage or current between the electrodes. 
(4) The bridge, thin wire or point contact between 

30 the electrodes in the above (2) or (3), is made to 
function as an electronic element using conduct- 
ance control. 

[0006] The main aspect of this invention is therefore 

35 an electronic element comprising a first electrode com- 
prising a mixed electroconducting material having ion 
conductance and electron conductance, and a second 
electrode comprising an electroconducting substance, 
in which the conductance between the electrodes can 

40 be controlled. This mixed electroconducting material is 
preferably Ag 2 S, Ag 2 Se, Cu 2 S or Cu 2 Se. 
[0007] Another aspect of this invention is the above 
electronic element, wherein a bridge is formed between 
said electrodes, by applying a voltage between said 

45 electrodes so that the second electrode is negative with 
respect to the first electrode so that movable ions mi- 
grate from the first electrode to the second electrode. 
[0008] Another aspect of this invention is a method of 
controlling inter-electrode conductance comprising at 

50 least one of the steps of; 

a. applying a voltage between the electrodes of the 
above electronic element so that the second elec- 
trode is negative with respect to the first electrode 

55 so that a bridge is formed between the electrodes 
due to the migration of movable ions from the first 
electrode to the second electrode, and 

b. reversing the inter-electrode polarity so that the 



2 



• 



EP 1 329 958 A1 



bridge is thinned or disconnected. 

[0009] Yet another aspect of this invention is the 
above-mentioned method of controlling conductance by 
applying a pulse-like voltage between the electrodes. 
The inter-electrode conductance may be quantized. The 
conductance (G) is preferably expressed by: 



2e 2 N 



(where, e is the elementary charge, h is Planck's con- 
stant and Tl is the transmission probability of the ith 
channel contributing to conduction). 

Brief Description of the Drawings 

[0010] 

Fig. 1 is a diagram showing the construction of a 
bridge, thin wire and point contact by a metal needle 
using a piezo-electric element known in the art. 
Fig, 2 is a diagram showing the method of construct- 
ing a bridge, thin wire and point contact according 
to this invention, and a specific example of an elec- 
tronic element using this method. 
Fig. 3 is a diagram showing the construction of a 
bridge between electrodes using Ag 2 S as a mixed 
electroconducting material. 
Fig. 4 is a diagram showing the disconnection of the 
bridge formed between the electrodes. 
Fig. 5 is a diagram showing the construction of the 
bridge producing a quantized conductance. 
Fig. 6 is a diagram showing the disconnection of the 
bridge producing a quantized conductance. 
Fig. 7 is a diagram showing control of voltage and 
current variation accompanying the construction 
and disconnection of the bridge. 
Fig. 8 is a diagram showing an example of how con- 
ductance control is used. 

Fig. 9 is a diagram showing the construction of a 
bridge between electrodes using Ag 2 Se as a mixed 
electroconducting material. 
Fig. 10 is a diagram showing the construction of a 
bridge between electrodes using Cu 2 S as a mixed 
electroconducting material 

Detailed Description of the Invention 

[001 1] Substances are known in the art wherein ions 
can easily migrate even in solid crystals just as they do 
in a solution. Substances in which only ions conduct 
electricity are referred to as ion conductors, and sub- 
stances in which both ions and electrons conduct elec- 
tricity are referred to as mixed electroconductors. 
[0012] A specific example of the electronic element 



according to this invention wherein a bridge is construct- 
ed between electrodes due to migration of movable ions 
(atoms) is shown in Fig. 2. 

[0013] As shown in Fig. 2, a first electrode 11 com- 
5 prising a mixed electroconducting material is used as 
one of facing electrodes. A different construction may 
also be envisaged wherein an electrode (11 and 12) is 
floated at a short distance from a substrate 13, and in 
this case, as there is no substrate between the elec- 
10 trades in Fig. 2, the bridge is created in space. 

[0014] The distance between the two electrodes is 
about 100 nanometers or less, preferably about 10 na- 
nometers or less and more preferably about 5 nanom- 
eters or less. 

15 [0015] The optimal distance between the electrodes 
however varies depending on the insulation and elec- 
trode materials. For example, the optimal distance 
changes depending on whether the electrodes are 
placed on a semiconductor or an insulator film or a sub- 

20 strate, or when a substrate is not used as described 
above, so it is necessary to suitably adjust the inter-elec- 
trode distance to obtain an optimal result. 
[0016] The above inter-electrode distance is a guide- 
line which takes this fact into consideration. 

25 [0017] The voltage applied between the electrodes of 
this invention is 1 V or less, preferably 0.5V or less, and 
more preferably 0.1V or less. The current flowing is 
1 0OuA or less, preferably 50uA or less, and more pref- 
erably 10uA or less. The power consumption of this 

30 electronic element is 1 0" 4 W or less, preferably 1 0" 5 W or 
less, and more preferably 10* 6 W or less. 
[0018] The mixed electroconducting material of this 
invention may be a compound represented by X 2 Y (in 
the formula, X is a Group lb metal (Cu, Ag, Au), Y is a 

35 Group IVa element (O, S, Se, Te, Po), a complex chal- 
cogenide such as Cu x Mo 6 S 8 , Ag x Mo 6 S 8 , Cu x Mo 3 Se 4> 
Ag x Mo 3 Se4, Cu x Mo 3 S 4 , Ag x Mo 3 S 4 , AgCrSe 2 , an inter- 
metal compound such as Li x AI (x is larger than 0 but 
less than 3), Li x Si y (x is larger than 0 but less than 10, 

^o y js larger than 0 but less than 25), an oxide such as 
M x W0 3 (M is an alkali metal, Ag or H, x is larger than 0 
but less than 1), M x M'0 2 (M is an alkali metal, Ag or H, 
x is larger than 0 but less than 1 , M' is Tl, Co or Cr), or 
a chalcogen intercalation compound such as MM'X 2 (M 

45 is an alkali metal, Ag or Cu, M' is Tl, Ta, Zr, Nb, Ta or 
Mo, X is S orSe). However, compounds represented by 
X 2 Y (wherein X is a Group lb metal (Cu, Ag, Au) and Y 
is a Group IVa element (O, S, Se, Te, Po) are preferred, 
and compounds where X is Cu or Ag and Y is S or Se 

50 (Ag 2 S, Ag 2 Se, Cu 2 S, Cu 2 Se) are particularly preferred. 
These may be used alone, or in mixtures thereof. 
[0019] There is no particular limitation on the second 
electrode facing the first electrode provided that it is 
manufactured from an electroconducting substance, but 

55 as the electroconducting substance, a conductive metal 
is preferred. 

[0020] When a suitable negative voltage is applied to 
the second electrode relative to the first electrode of the 
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electronic element shown In Fig. 2, movable ions 14 in 
the mixed electroconductor deposit on the surface of the 
first electrode 11 depending on the effect of the voltage 
and current. A projection formed by the deposit of mov- 
able ions (atoms) is then gradually grown for a long pe- 
riod so that it comes in contact with the facing electrode 
12 and forms a bridge 15. 

[0021] Here, at least one of the atoms forming the 
mixed electroconductor of the first electrode is ionized, 
moves within the mixed electroconductor, and becomes 
a neutral atom which flows out of the mixed electrocon- 
ductor depending on the conditions. In other words, if a 
suitable negative voltage is applied to the second elec- 
trode relative to the first electrode, the atoms which form 
the mixed electroconductor will become movable ions, 
and will migrate inside the electrodes in the direction of 
the second electrode. They then migrate to the outside 
from the electrode to form a bridge, but at this stage, the 
movable ions will be in a neutral atomic state. For ex- 
ample, in the case where the mixed electroconductor is 
X 2 Y (XY is the same as in the above), the movable ion 
is X + . In the case of Ag 2 S, it is Ag+ so the bridge formed 
between the electrodes comprises X atoms or silver at- 
oms. In this specification, in view of this fact, the mova- 
ble ions and atoms may be abbreviated as movable ions 
(atoms). 

[0022] By reversing the polarity of the applied voltage, 
the bridge 15 which was in contact becomes thin and 
disconnected due to the effect of the voltage and cur- 
rent. 

[0023] By controlling the voltage and current between 
the electrodes at this time, a bridge including a thin wire 
or point contact which produces quantization of the con- 
ductance, may be constructed, and the inter-electrode 
conductance can be controlled by the bridge. Further, 
by controlling the conductance of this bridge, an elec- 
tronic element may be manufactured. 
[0024] Hereafter, this invention will be described by 
means of specific examples, but the invention is not to 
be construed as being limited thereby. 

Example 1 

[0025] An electrode of a mixed electroconductor Ag 2 S 
crystal was first produced by vapor phase epitaxy. In this 
example, the material of the facing conductive electrode 
was platinum, and the substrate was an insulating ma- 
terial. The interval between these electrodes was about 
1 nanometer, and a tunnel current was made to flow be- 
tween the electrodes. 

[0026] Using an electronic element manufactured in 
this way, a voltage was applied between the Ag 2 S elec- 
trode and the platinum electrode, and the voltage was 
swept at 50mV/sec. The formation of a bridge between 
the electrodes is shown in Fig. 3. The voltage in the di- 
agram shows the potential of the electroconducting 
electrode relative to the Ag 2 S electrode, based on the 
Ao^S electrode. When the applied volage is in the vicin- 



ity of V = 0 — -0.3V, the inter-electrode resistance has 
a comparatively large value, and the resistance falls 
gradually as the voltage increases. This is due to the 
fact that movable silver ions (atoms) in the Ag 2 S elec- 
5 trode deposit on the surface of the Ag 2 S electrode with 
the increase in voltage, and the distance between the 
electrodes becomes narrow. When the voltage reaches 
the vicinity of V = -0.3V, the resistance decreases rap- 
idly. This is because the projection formed due to dep- 
osition of the movable silver ions (atoms) comes in con- 
tact with the facing platinum electrode, and forms a 
bridge. When V = -0.3V— -0.49V after the resistance 
has fallen sharply, the resistance decreases slowly. This 
is due to further migration of movable silver ions (atoms) 
in the Ag 2 S electrode so that the bridge gradually be- 
comes thicker. 

Example 2 

[0027] Fig. 4 shows the case where, using an identical 
electronic element to that of Example 1 , a bridge is dis- 
connected. Herein, the polarity of the voltage applied 
was reversed from that used when the bridge was con- 
structed. The resistance of the bridge increases slowly 
up to the vicinity of V = 0 ~ 0.20V. This is because the 
silver atoms forming the bridge gradually move and re- 
turn to the Ag 2 S electrode, so the bridge gradually be- 
comes thinner. A rapid increase in resistance is ob- 
served in the vicinity of V = 0.20V. This rapid increase 
of resistance is due to the disconnection of the bridge, 
so electrons do not pass through the bridge and flow 
only due to the tunnel effect. 

[0028] In other words, by changing the polarity of the 
voltage, the silver projection can be lengthened and a 
bridge can be formed, or conversely, a bridge which has 
already been formed can be thinned and disconnected. 
When the bridge is formed, due to the effect of the volt- 
age applied between the electrodes, movable silver ions 
in the Ag^S mixed electroconductor electrode migrate 
onto its surface, become silver metal atoms which de- 
posit thereon, and form a projection. If this projection 
grows for a long time, a bridge is formed by joining with 
the facing platinum electrode. To disconnect the bridge, 
the polarity of the applied voltage is reversed so that the 
silver atoms forming the bridge migrate and return to the 
Ag 2 S mixed electroconductor electrode, so that the 
bridge becomes thinner. 

Example 3 

[0029] Next, Fig. 5 shows the construction of a bridge 
comprising a fine wire or point contact producing a quan- 
tized conductance, using the electronic element of Ex- 
ample 1 . In Example 1 , the bridge is formed rapidly, so 
a fine wire or point contact producing a quantized con- 
ductance cannot be stably constructed. Hence, in this 
example, the voltage applied is reduced as far as pos- 
sible to form a bridge while the silver projection is grown 
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very slowly. 

[0030] When a relatively small voltage of V = -2.5mV 
was applied between the electrodes, a bridge was 
formed between the electrodes after several minutes- 
several tens of minutes. Fig. 5 shows the construction 
of this bridge. As the origin of time on the horizontal axis 
in Fig. 5, any arbitrary time immediately prior to forma- 
tion of the bridge was taken as 0. The bridge is formed 
when the time is in the vicinity of 5 seconds, and the 
inter-electrode resistance slowly decreases with the 
elapsed time. At this time, as shown by the arrow 
marked * in Fig. 5, the resistance value decreases in 
stepwise fashion. This shows that, when the bridge is 
formed, a fine wire or point contact producing a quan- 
tized conductance is formed inside the bridge. 
[0031] As shown in Example 1, when the voltage is 
swept at 50mV/second, the bridge is formed at V = -0.3V 
or less, but the bridge can be formed even if a weak 
voltage in the vicinity of several mV is applied between 
the electrodes provided that there is sufficient time. 

Example 4 

[0032] In this example, using the electronic element 
with bridge of Example 3, instead of applying the voltage 
V = -25mV, a relatively small voltage V = +5mV of re- 
verse polarity was applied between the electrodes 
where the bridge was formed, and after several minutes- 
several tens of minutes, the bridge had disconnected. 
Fig. 6 shows this event. As the origin of time on the hor- 
izontal axis in Fig. 6, any arbitrary time immediately prior 
to applying the voltage was taken as 0. Conversely to 
Example 3, the inter-electrode resistance gradually in- 
creases with the elapsed time. This increase of resist- 
ance is due to the fact that the bridge gradually becomes 
thinner with time. As shown by the arrow marked * in 
Fig. 6, the resistance increases in a stepwise fashion 
just before the bridge disconnects, which shows that the 
bridge comprises a fine wire or point contact producing 
a quantized conductance. 

Example 5 

[0033] In this example, the inter-electrode conduct- 
ance is controlled by constructing and disconnecting the 
bridge between the electrodes. Fig. 7 shows the control 
of voltage and current characteristics accompanying the 
construction and disconnection of the bridge, using an 
electronic element prepared in an identical way to that 
of Example 1 . 

[0034] When the voltage was varied in the manner: 
0.20V -> 0V -> -0.23V -> 0V -> 0.2V, the current flowing 
varied in the manner 21 -> 22 -> 23 24, as shown by 
the numbers of the arrows in the figure. 
[0035] In a region 21 where the bridge has not yet 
formed, a slight current flows due to the tunnel effect. In 
a region 22, the bridge forms, and when the thickness 
of the bridge varies, a very large electric current flows. 



In a region 23, an electric current flows through the 
bridge of silver atoms . In a region 24, the bridge be- 
comes narrower and disconnects, so the current 
amount sharply decreases. Finally, there is a return to 
5 the region where the tunnel current shown in the region 
21 flows. 

[0036] Thus, by varying the magnitude and polarity of 
the applied voltage in this way, the bridge between the 
electrodes can be formed or disconnected, i.e., the inter- 
na electrode conductance accompanying these processes 
can be controlled. 

[0037] The fact that the conductance can be control- 
led by forming and disconnecting the bridge shown 
here, can be used in an electronic element having a 
15 switching function or a function where current flows 
more easily to one of the electrodes. 

Example 6 

20 [0038] Fig. 8 shows an example where the conduct- 
ance of the bridge is controlled using an electronic ele- 
ment prepared in an identical way to that of Example 1 . 
[0039] By controlling the voltage applied between the 
electrodes, the control of the conductance by the formed 

25 bridge becomes possible, then the control of the con- 
ductance can be utilized. When the bridge shown in Ex- 
amples 1-4 is formed, by considerably decreasing or 
eliminating the voltage applied to form or disconnect the 
bridge between the electrodes, the further growth or 

30 thinning of the bridge can be stopped. In this state, the 
bridge can be grown to any desired thickness or thinned 
by temporarily applying a suitable voltage between the 
electrodes. This is because silver ions (atoms) which 
are movable ions, migrate between the bridge and the 

35 Ag 2 S electrode due to the effect of the voltage and cur- 
rent. In other words, the inter-electric conductance can 
be controlled by controlling the thickness of this bridge. 
[0040] According to this example, firstly, after the 
bridge, fine wire or point contact producing a quantized 

40 conductance is formed between the electrodes, the ap- 
plied voltage is decreased to V = -15mV so as to stop 
the growth of the bridge. At this time, the inter-electrode 
resistance is arranged to be approximately 1 3k Q, which 
corresponds to the inverse of the unit value 26^ of the 

45 quantized conductance (e is the elementary charge, h 
is Planck's constant). Next, by applying a voltage (V = 
-50mV) in a pulse fashion to grow the bridge more thick- 
ly, the resistance of the bridge becomes approximately 
1/2, i.e., 6.5k Q.. In other words, the quantized conduct- 

50 ance can be made double the unit value. Subsequently, 
by applying a voltage (V = 25m V) of reverse polarity in 
a pulse fashion to make the bridge thinner, the resist- 
ance can be returned to approximately 13kfi which is 
the unit value of the original quantized conductance. 

55 [0041] In other words, by controlling the applied volt- 
age, the quantized bridge conductance can easily be 
controlled to any desired value. This technique may be 
used not only for thin bridges producing a quantized, dis- 
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crete conductance, but also for controlling the general 
conductance of relatively thick bridges where no quan- 
tum effect is produced. 

[0042] Further, various electronic elements can be 
manufactured using this conductance control. For ex- 
ample, the bridge formed between the electrodes can 
be changed to a bridge having a desired conductance 
by applying a voltage controlled in pulse fashion or the 
like. Subsequently, this conductance value is read out 
by applying a small voltage and current for which the 
conductance of the bridge does not vary. This function 
may be used for data storage elements, switching ele- 
ments or the like. Further, an electronic element (cranial 
nerve element) which learns (by applying a pulse volt- 
age) and in which electrical signals flow easily, can be 
manufactured using the fact that the conductance ob- 
tained varies with the magnitude of the applied voltage, 
number of pulses and time. 

Examples 7, 8 

[0043] In Example 7, an identical experiment was per- 
formed using Ag 2 Se instead of Ag 2 S as the mixed elec- 
troconducting material electrode of Example 1 . The for- 
mation of a bridge due to silver atoms between the elec- 
trodes is shown in Fig. 9. 

[0044] In Example 8, an identical experiment was per- 
formed using Cu 2 S instead of Ag 2 S as the mixed elec- 
troconducting material electrode of Example 1 . A bridge 
was formed due to copper atoms between the elec- 
trodes. This is shown in Fig. 10. 
[0045] A bridge was formed between the electrodes 
even when these mixed electroconducting material 
electrodes were used, and although not shown, discon- 
nection of the bridge and quantization of the conduct- 
ance were observed as in the aforesaid examples. In 
these examples, as the mixed electroconducting mate- 
rial or inter-electrode distance was different to those of 
Examples 1 -6, the inter-electrode resistance and volt- 
age at which the bridge was formed, are different. 
[0046] According to this invention, in addition to the 
above uses, the following electronic elements can be 
manufactured. 

[0047] The formation of a bridge can be used as a 
multilayer memory which uses quantized inter-electrode 
conductance to give stepwise values. For example, if 
the channel transmission probability (Ti) is 1 , the quan- 
tized conductance (G) is given by: 

G = nx2e 2 /h (n=1,2, 3...) 

(wherein, e is the elementary charge, h is Planck's con- 
stant). Here, n may take any desired value by applying 
a suitable voltage, as shown for example in Fig. 8 of Ex- 
ample 6. Consequently, in memory devices using this 

bridge, plural states n = 1 , 2, 3 may be recorded on 

one bit, and the recording density can be largely in- 



10 

creased. 

[0048] This invention may also be used as a low pow- 
er consumption device. In existing memory devices, a 
working voltage of 1 V or higher and a current of the order 
5 of milliamperes is required for one device (i.e., for writing 
or reading 1 bit). If this invention is used, as shown by 
the aforesaid examples, a device can be manufactured 
with a working voltage of 1 V or less, and a power con- 
sumption of the order of less than microamperes. In oth- 
10 er words, a memory device having a power consumption 
of less than 10~ 6 W per bit is possible. 
[0049] Further, as shown in Examples 1 -4 (Figs. 3-6), 
the inter-electrode conductance varies from about sev- 
eral times to 10 6 times depending on the formation or 
15 disconnection of the inter-electrode bridge. By reading 
this conductance variation, by applying a small voltage 
at which a conductance variation does not occur, it is 
easily possible to read whether the device which is open 
or closed. By installing plural devices having this switch- 
20 ing function, an AND or OR logical gate for computers 
or an electronic circuit having a memory function, can 
be manufactured. 



25 Claims 

1. An electronic element comprising a first electrode 
comprising a mixed electroconducting material hav- 
ing ion conductance and electron conductance, and 

30 a second electrode comprising an electroconduct- 
ing substance, in which the conductance between 
the electrodes can be controlled. 

2. The electronic element according to Claim 1 , 
35 wherein said mixed electroconducting material is 

Ag 2 S, Ag 2 Se, Cu 2 S or Cu 2 Se. 

3. The electronic element according to Claim 1 or 2, 
wherein the distance between said electrodes is 

40 100 nanometers or less. 

4. The electronic element according to any of Claims 
1-3, wherein the power consumption is 10" 5 W or 
less. 

45 

5. The electronic element according to any of Claims 
1 -4, using a voltage of 0.5V or less, and a current 
of 50 microamperes or less. 

50 6. The electronic element according to any of Claims 
1-5, wherein a bridge is formed between said elec- 
trodes, by applying a voltage between said elec- 
trodes so that the second electrode is negative with 
respect to the first electrode so that movable ions 

55 migrate from the first electrode to the second elec- 
trode. 

7. The electronic element according to any of Claims 
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1 -6, wherein the conductance between said elec- 
trodes is quantized. 

8. The electronic element according to Claim 7, 
wherein the conductance (G) is given by: 5 



2e 2 N 

G = TT 1 Ti 

n i-i w 

(where, e is the elementary charge, h is Planck's 
constant and Ti is the transmission probability of the 
ith channel contributing to conduction). 

15 

9. A method of controlling inter-electrode conduct- 
ance comprising at least one of the steps of; 

a. applying a voltage between the electrodes of 
the above electronic element so that the sec- 20 
ond electrode is negative with respect to the 
first electrode so that a bridge is formed be- 
tween the electrodes due to the migration of 
movable ions from the first electrode to the sec- 
ond electrode, and 25 

b. reversing the inter-electrode polarity so that 
the bridge is thinned or disconnected. 

10. The method according to Claim 9, wherein the con- 
ductance between said electrodes is quantized. 30 

11. The method according to Claim 10, wherein the 
conductance is given by: 

35 

2e 2 N 
G- I Ti 

40 

(where, e is the elementary charge, h is Planck's 
constant and Ti is the transmission probability of the 
ith channel contributing to conduction). 

12. The method according to any of Claims 9-11, 45 
wherein the conductance is controlled by applying 

a pulse voltage between the electrodes. 



50 



55 
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